INTRODUCTION
============

A micro-aneurysm with wide-neck is defined as an aneurysm small than 3 mm whose longitude size was equal or larger than width of neck, which was often seen in Asian population[@B6][@B25][@B26]. Microsurgical clipping with or without its parent artery sacrificed was the usual way to treat it[@B18]. As the development of endovascular treatment and instruction of Solitaire AB stent, stent assisted coiling provides a new chance for these aneurysms with parent arteries preserved[@B7][@B20][@B23]. We presented here a study of 31 wide-neck micro-aneurysms treated by Solitaire AB stent assisted coiling in a single-center.

MATERIALS AND METHODS
=====================

Our study including 31 patients with 31 wide-neck micro aneurysms treated with an electrical detachable self-expandable Solitaire AB stent (ev3 Neurovascular, Irvine, CA, USA) was conducted between 2010 to 2014 in our hospital. Patients harboring intracranial aneurysms, ruptured or un-ruptured, arising from a parent vessel with a diameter ≤3.0 mm and presenting wide-neck or dome-to-neck ratio of \<1 were included. Exclusion factors included fusiform and dissecting aneurysms, and aneurysms associated with an arteriovenous malformation were also excluded.

Patients
--------

Thirty-one patients (14 males and 17 females; age range 38--69 years; mean age : 53.35±7.57 years) harboring 31 aneurysms were included in our study. 27 of the patients were admitted in with subarachnoid hemorrhage (SAH), and 4 were discovered by accident. Hunt-Hess grade scale was I in 11 patients, grade II in 11 patients, grade III in 7 patients, and grade IV in 2 patients.

Aneurysms
---------

A total of 31 aneurysms were treated via an endovascular approach. Most aneurysms (96.77%) were located in the internal carotid system. Carotid-posterior communicating segment represented the most frequent location (51.61%). Location and measurements are summarized in [Table 1](#T1){ref-type="table"}, [2](#T2){ref-type="table"}, respectively.

Procedure
---------

Endovascular procedures were performed under general anesthesia and systemic heparinization. The Solitaire AB stent size and length were determined by the operator according to the diameter of the vessel and the length of the neck. The stent is deployed within the parent vessel at the site of the intracranial aneurysm across the wide-necked aneurysm. In most of the cases, the aneurysm was treated by a combination of stenting and coiling using either the half-release technique or by stent placement followed by micro-catheter placement in the sac through the stent struts. No stent was retrieved after the procedure.

Antiplatelet regimen
--------------------

Antiplatelet medications were various according to the operation itself. The antiplatelet medications regimen of patients underwent elective operations was differing from those undertook emergence ones. Our Antiplatelet medication protocol was summarized in [Table 3](#T3){ref-type="table"}.

Data analysis
-------------

Permanent morbidity and mortality of endovascular treatment (EVT) were evaluated before and after treatment, at hospital discharge, and at 1-month and 6-month follow-up. Morbidity was defined as a modified Rankin Scale (mRS) score of 2 to 5. When preoperative mRS was greater than 1 and morbidity was defined by any increase of mRS, any modification within 30 days after EVT was designated as treatment-related. Any death within 30 days of endovascular treatment was designated a treatment-related death.

Senior doctors of both neurosurgery and neuro-imaging departments were asked to evaluate the degree of aneurysmal occlusion, which was defined as three conditions : complete occlusion, neck remnant, and aneurysm remnant. It was defined by using the simplified three-point Jean Raymond classification scale : complete occlusion, neck remnant, and aneurysm remnant[@B5].

RESULTS
=======

Technical results
-----------------

A total of 31 Solitaire AB stents were used to treat 31 patients with 31 micro-wide-neck aneurysms. All of the stents were implanted, including 15 stents 4×15 mm, 11 stents 4×20 mm, and 5 stents 6×20 mm. No stent was retrieved. So, our rate of successful stent delivery was 100%. During our surgical procedure, stable stent placement with complete coverage across the aneurysm neck with parent artery patency was achieved in all aneurysms.

Anatomic results
----------------

According the analysis of our neuroimaging department, post-procedural aneurysmal occlusions were the following : complete occlusion, 28 aneurysms (90.32%); neck remnant, 3 aneurysms (9.68%), including two were 95% occluded and 1 were 90% occluded.

Complications
-------------

Two aneurysms ruptured during our procedure, which were all occluded completely and rapidly. Two patients underwent an acute embolism event inner stent, which were treated by 500 thousand units of urokinase via a direct intra-catheter injection, and the embolisms were solved, causing no harm. Two patients deceased in our study. One underwent a recurrence of SAH with coils escaped from the aneurysm after EVT due to re-rupturing of the aneurysm, causing an untreatable intracranial hematoma, which led to her death. And the other one, who had a chronic rental failure before admitting, suffered an acute renal failure after EVT, leading to her death. The other patients were treated well with no treatment related permanent complication. In addition, no hematoma related with antiplatelet medication was reported.

Follow-up
---------

Follow-up study was carried out between 5 to 54 months (mean 25.69±12.57 months). Patients were asked to have a CT angiography (CTA) or digital subtraction angiography (DSA) 6 months later after discharging. And clinic and telephone follow-up was suitable for those who discharged for 1 year or more. In our study, except for two patients died in para-procedure, others recovered well. The mRS scores improved as time goes on. Our total morbidity was low (6.45%).

DISCUSSION
==========

The introduction of stents offered new choices in treating wide-neck micro aneurysms[@B21]. However, early stents had various limiting, such as not soft enough, hard to deploy, inability to retrievable, and poor visibility. The Solitaire AB stent is fully retrievable and soft enough to be deployed to achieve ideal coverage of the neck[@B7].

Safety and efficiency of the Solitaire AB stent
-----------------------------------------------

Solitaire AB stent system was approved as a safe stent assisting coiling, which had less related complications compared with Neuroform (Stryker Neurovascular, Fremont, CA, USA) and Enterprise (Cordis Neurovascular/Johnson & Johnson, Miami Lakes, FL, USA) stents[@B2][@B4][@B5][@B17]. In our study, we found Solitaire AB stent was easy to be pushed out of the catheter and deployed. Moreover, it could be retrieved when the coverage of aneurysm neck was not satisfied. Our study confirms a high success rate; similar to a previous single-center retrospective study by Clajus et al.[@B3]. Compared with other series using Solitaire stent, our overall periprocedural complication rate is high (12.5%), which was similar to the short time result of the Solitaire Aneurysm Remodeling study[@B5], while there was no device-related permanent morbidity. These results could be explained by the result that 27 cases of 31 patients (87.10%) presented with an acute SAH, 9 of who were beyond Grade III (Hunt-Hess grade scale). In our study, no stent was retrieved after the procedure. We made our decisions based on the stability of the coils and the status of parent artery. Further study is required to better elucidate the safety profile of stent-assisted coiling in the setting of acute SAH. In our study, all the patients were asked to have a DSA or CTA study six-month later after discharge, and no re-bleeding, aneurysm recurrence or stent-related ischemia was found. The Solitaire AB stent was safe in assisting coiling the micro-aneurysm with wide neck.

Is a blood blaster-like aneurysm should be treated via endovascular?
--------------------------------------------------------------------

One of our patients underwent a post-procedural recurrent SAH with coils escaped that had a poor result at the end. We conjectured that it might be a blood blister-like aneurysm, which seemed as a wide-neck micro-aneurysm on DSA image, which was really more dangerous than a normal micro-aneurysm ([Fig. 1](#F1){ref-type="fig"}, [2](#F2){ref-type="fig"}). Only one coil was planted by really hard attempts and unfortunately the aneurysm re-ruptured. The [Fig. 3](#F3){ref-type="fig"} showed the CT scan admitted, and the [Fig. 4](#F4){ref-type="fig"} showed the CT scan after surgery. The treatment of a blood blaster-like aneurysm was various[@B22]. Surgical clipping with or without parent artery preserved was first used to treat such lesion. Neurosurgical clipping of blister-like aneurysms should be reserved for aneurysms of the anterior ICA segment in which endovascular strategies are not practicable for technical reasons or neuroradiological experiences are not available[@B22]. EVT, including coiling with or without stent, covered stents technique and flow diverter was used to treat it in nowadays. Endovascular procedures with stent-assisted coiling have been reported to be successful but still remain dangerous due to the high risk of aneurysm perforation by the coils[@B1][@B11][@B13][@B15][@B16][@B19]. At present, covered stents and flow diverters seem to be most promising techniques to stabilize the arterial wall and to minimize the procedural trauma of the fragile aneurysm itself. For those complex ones, wrapping or trapping was the \"second best\" choice. Sometimes, revascularization techniques were useful for some special cases[@B8][@B9][@B10][@B24]. Blister-like aneurysms are small, thin-walled, and broad-based bulges, of which; neuro-radiological imaging will not be conclusive. It is too fragile to directly clip or coil. Endovascular stenting technique, which avoids direct operating on aneurysm itself, is seemed as the preferred treatment in dealing with the aneurysms. Trapping and bypass techniques are the more challenging surgical attempts carrying the risk of cerebral ischemia.

Size of a single cell of the solitaire AB
-----------------------------------------

According to a comparison study of functional and physical properties of self-expanding intracranial stents \[Neuroform3, Wingspan, Solitaire, Leo (+), Enterprise\][@B14], Solitaire AB stent is a closed-cell design, self-expanding stent for intracranial vessels, which has the largest cell size--about 2--3 mm. As observed by other sites, the thrombogenicity of the Solitaire stent is low and allows deployment with heparinization and aspirin induced antiaggregation only, without the administration of clopidogrel[@B12]. This is a major advantage in the treatment of patients with recently ruptured aneurysms. An intrinsic hemodynamic effect of the Solitaire is apparently non-existing, mainly due to the large cell size[@B14]. Larger cells are easier accessible for a microcatheter but have less hemodynamic effect on the aneurysm\'s in- and outflows. In addition, large cells made protecting the adjacent branches during treatment possible. In our study, no branch-related ischemia happened during periprocedure. However, there were some difficulties in dealing with the large cell stent, to overcome that, we got some progress. We used some large size stents (diameter \>6 mm) in some cases. When the stent was delivered and deployed, a large size stent could be opened partly, which made part of the stent wall overlapped, in that case, the cell became \"small\". In some conditions, we used a long coil, allowing a coil tail was just between the cell and the aneurysm, which made the cell \"small\", too. The large cells can be the advantage when we use the stent in right way; otherwise, they are troubles we should solve.

CONCLUSION
==========

We here presented our experience of coiling wide-neck micro aneurysms with stent assisted in a single center in China. Solitaire AB stent was convenient in deploying when covering the aneurysm, and our short-time follow up showed a low recurrence and a good prognosis which suggested that Solitaire AB stent was a safe and efficiency tool in assisting coiling of micro aneurysms with wide neck. For the aneurysm looked like a blister-like one, a single stent or double stents without coiling might be a good choice. However, the long-time safety and efficiency of Solitaire Stent were subject to observation.

![The 3D DSA showed a blood blister-like aneurysm in internal carotid artery.](jkns-59-341-g001){#F1}

![Only one coil was planted in a really hard way.](jkns-59-341-g002){#F2}

![The CT scan when admitted.](jkns-59-341-g003){#F3}

![The CT scan when it re-ruptured.](jkns-59-341-g004){#F4}

###### Aneurysm location
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This table showed the clinical condition of the aneurysms. We had 30 aneurysms of internal carotid system, and only one of the vertebral basilar system

###### Aneurysm measurements
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The sizes of the aneurysms were listed above. They were all wide-neck micro-aneurysms

###### Summary of the antiplatelet medications
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This table showed our antiplatelet medications periprocedure
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